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In an attempt to better understand the causes of adverse impact, Cottrell, Newman, and Roisman 
(2015) have recently introduced a theoretical model called the 3-Step Model of Adverse Impact. 
The 3-Step Model provides a parsimonious developmental explanation for the origin of the 
Black-White cognitive test score gap, in which race relates to maternal advantage factors, which 
in turn relate to parenting factors, which in turn relate to cognitive test scores. One potential 
limitation of Cottrell et al.’s model, which is common in empirical tests of mediation models, is 
that the parameter estimates are based upon a single primary sample. To extend the applicability 
of the 3-Step model, I replicate the 3-Step Model of Adverse Impact (i.e., a mediation model) 
using Hunter and Schmidt (2004) meta-analytic methods, by conducting a research synthesis of 
the correlations involved in the 3-Step Model. This meta-analytic examination of the 3-Step 
Model is a rigorous empirical test to see which parts of the model still hold when using meta-
analytic average population estimates across a diverse variety of samples. Results suggest that 
many of the parameter estimates and correlations of the model are of similar size and direction as 
in the original Cottrell et al. (2015) model, but less of the gap is meta-analytically explained by 
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CHAPTER 1: INTRODUCTION 
Adverse impact is a research area that is widely studied in Industrial/Organizational (I/O) 
Psychology. This term is defined as sufficiently large differences in hiring ratios involving 
subgroups protected by the Civils Rights Acts of 1964 and 1991, as well as other legislation such 
as the Age Discrimination in Employment Act of 1967. Unlike adverse treatment, which is 
explicit differential treatment of individuals based on ethnicity, gender, age, or other protected 
subgroupings, adverse impact examines whether a selection system applied equally across 
individuals can result in substantially different hiring ratios for two groups, even when that was 
not the intent of the selection system (Zedeck, 2010). If a selection system is found to have 
adverse impact, the organization must show that the selection system predicts job performance 
and that suitable alternative procedures for selecting individuals cannot be found (Zedeck, 2010; 
De Corte, Lievens, & Sackett, 2007; De Corte, Sackett, & Lievens, 2010). 
Adverse impact can be quantified in a number of ways, but the most common method is 
the four-fifths rule (also called the 80% rule). Selection ratios for two groups are compared, and 
if one group’s selection ratio is less than 80% of the other group’s selection ratio, prima facie 
evidence of adverse impact is present. Although the four-fifths rule is the most common test of 
adverse impact, it has several limitations. For example, this rule does not take sampling error into 
account (Lawshe, 1987) and has occasionally been questionably applied in court cases without 
considering the statistical significance of the difference between selection ratios (Gastwirth & 
Miao, 2009). Additionally, organizations with more selective selection rates may be more likely 
to find evidence of adverse impact even when the selection rate differences are practically small 
(Bobko & Roth, 2010). Therefore, other methods for establishing adverse impact are often used, 





two proportions can also be used (as a higher-power alternative to Fisher’s exact test) to 
calculate statistically different hiring rates (Collins & Morris, 2008). 
In addition to studying how adverse impact is used from a legal perspective by 
organizations, I/O Psychologists are particularly interested in the level of adverse impact 
potential that various selection tools (i.e., measures of cognitive ability, personality, etc.) have, as 
well as their ability to predict job performance. Cognitive tests in particular have large ethnic 
group differences, with a standardized mean difference (d) of around 1.0 (Roth, Bevier, Bobko, 
Switzer, & Tyler, 2001), but cognitive tests are among the very best predictors of job 
performance (Schmidt & Hunter, 1998; 2004). Personality tests, in contrast, have lower levels of 
adverse impact potential relative to cognitive test scores (Foldes, Duehr, & Ones, 2008; Hough 
& Furnham, 2003; Ployhart & Holtz, 2008) but unfortunately also exhibit lower validity and 
therefore lower utility for organizations trying to find the best performers (Schmidt & Hunter, 
1998; Hurtz & Donovan, 2000). Structured interviews tend to have moderate Black-White 
subgroup differences (which vary depending on which constructs are measured; Bobko & Roth, 
2013) while maintaining high validity similar to cognitive test scores (Schmidt & Hunter, 1998). 
However, structured interviews tend to be more time consuming and may still result in subgroup 
differences, albeit much smaller differences than cognitive tests, depending on the constructs 
assessed (Hough, Oswald, & Ployhart, 2001; Huffcutt & Roth, 1998; Ployhart & Holtz, 2008). 
Altogether, results suggest that cognitive tests have higher validity for predicting job 
performance but also exhibit higher racial subgroup differences, resulting in the exclusion of a 
greater number of Black applicants (even when cognitive tests are used in conjunction with other 





diversity-validity dilemma (Bobko, Roth, & Potosky, 1999; De Corte et al., 2010; Ployhart & 
Holtz, 2008). 
To attempt to address this tension between the adverse impact potential and predictive 
validity of selection tests (particularly that of cognitive tests), many have suggested using non-
cognitive tests as an alternative or additional selection tool. Using these tools does reduce 
adverse impact potential somewhat, but does not eliminate adverse impact (Bobko & Roth, 2013; 
De Corte et al., 2007; 2010). Some have attempted to identify and remove cognitive test items 
that are biased in favor of particular groups. However, contemporary cognitive tests do not have 
consistently biased items that lead to an advantage for one group over the other (Sackett, 
Schmitt, Ellingson, & Kabin, 2001; Stark, Chernyshenko, & Drasgow, 2004) so removal of items 
results in only minimal test-level changes in subgroup differences (Drasgow, 1987; see review 
by Schmitt & Quinn, 2010). Others have recommended score adjustments or banding to reduce 
gaps in selection ratios when using tests with large subgroup differences (see Cascio, Outtz, 
Zedeck, & Goldstein, 1991). However, many of these techniques (such as within-group norming 
or banding) are considered illegal by the Civil Rights Act of 1991 (Campion et al., 2001) and 
their effectiveness is limited by a variety of factors (Aguinis, 2004; Ployhart & Holtz, 2008). 
The Cognitive Test Gap 
As noted earlier, an empirical finding that has major consequences for I/O Psychology is 
the Black-White cognitive test score gap (Gottfredson, 1988; Sackett & Wilk, 1994; Bobko, 
Roth, & Potosky, 1999). Roth et al. (2001) have provided a clear understanding of the cognitive 
test score gap over a wide range of individuals and situations (N ≈ 6.25 million participants, k = 
105 studies). Results of this comprehensive meta-analysis suggest that the Black-White cognitive 





analysis also suggests that Black-White gaps decrease within-jobs, as job complexity increases 
(d = .86 for low complexity jobs, .72 for moderate complexity jobs, and .63 for high complexity 
jobs).  
Whereas the recommendations to reduce adverse impact that were reviewed in the 
previous section, as well as research on the cognitive test gap itself, have helped I/O 
Psychologists understand possible partial remedies to the diversity-validity dilemma as it 
pertains to cognitive tests, I/O Psychologists have long lacked a clear and comprehensive 
understanding of factors contributing to the cognitive test score gap. In fact, for decades, a 
number of adverse impact researchers lamented the lack of a theoretical explanation for these 
Black-White cognitive test score gaps. For example, Schmidt and Hunter (1981) noted, “we do 
not know what all of the causes of these [race] differences [in cognitive test scores] are, how 
long they will persist, or how best to eliminate them.” Additionally, Roth et al. (2001) suggested, 
“reasons for ethnic group differences [in cognitive test scores]” as an important future research 
area. Finally, the Society for Industrial and Organizational Psychology (SIOP)’s Adverse Impact 
Reduction Research Initiative and Action group (2016) has said, “Adverse impact (AI) has been 
a recurring problem for decades, and although some findings have not only helped us to 
understand the problem and create modest solutions, we are still without a viable theory…”  
This lack of adverse impact theory may be due to certain assumptions that I/O 
Psychologists have about the cognitive test score gap and more broadly about cognitive ability 
itself. First, many I/O Psychologists assume that lower-order factors do not contribute sufficient 
predictive power over general cognitive test scores (Ree, Earles, & Teachout, 1994), which may 
have reduced interest among I/O Psychologists to continue research on cognitive ability and its 





Joseph, 2014). Additionally, another assumption is that cognitive test score gaps are largely due 
to stable genetic differences in cognitive ability and that attempts to reduce gaps have been 
largely unsuccessful (Herrnstein & Murray, 1994), which may have resulted in little research 
from I/O Psychologists examining the antecedents of, or potentially more complete solutions to, 
the Black-White cognitive test score gap (Outtz & Newman, 2010). 
Attempted Cognitive Test Score Interventions 
Many interventions have been attempted to reduce ethnic and socioeconomic gaps in 
cognitive test scores and other related outcomes. Results from such studies are mixed, and do not 
always show a persisting effect for long after the intervention itself has ended. For example, the 
Head Start Impact Study, a study created to “boost the school readiness of low-income children” 
(a study of nearly 5,000 children; Puma et al., 2012), followed 3 and 4 year old cohorts of 
children through the spring of their 3rd grade year. Results showed that the children with access 
to Head Start had higher scores on language and literacy development tests (e.g., higher Peabody 
Picture Vocabulary Test scores), than children who did not have access to Head Start (i.e., 
control group). Additionally, children in the 3-year-old Head Start cohort had better social skills 
and more positive approaches to learning, as well as closer relationships with their parents, than 
children in the control group. However, these differences did not last after the Head Start 
program ended, with virtually no significant differences between groups in kindergarten or in 
any subsequent years (Puma et al., 2012).  
The Perry Preschool Project is another very well-known study examining the impact of 
interventions on cognitive test scores. This intervention showed a large effect size on cognitive 
test scores (d = .75 comparing the experimental versus control group on tests such as the 





emotional, and social development. However, by age 8, these differences had largely disappeared 
(d = .08; Weikart, Deloria, Lawser, & Weigerink, 1970; Schweinhart et al., 2005). Interestingly, 
though, 8th grade and 19-year-old follow-up achievement tests showed statistically significant 
differences between the experimental and control group (Berrueta-Clement Schweinart, Barnett, 
Epstein, & Weikart, 1984). Additionally, at 27 years of age, experimental group members had 
better employment rates and a lower likelihood of lawbreaking than the control group 
(Schweinart, Barnes, & Weikart, 1993). 
The Abecedarian Early Intervention Project (Campbell, Pungello, Miller-Johnson, 
Burchinal, & Ramsey, 2001) was another example of an intervention, which had a lasting impact 
on children well beyond the intervention itself. Half of the participants were randomly assigned 
to a high quality child care center (i.e., low teacher to child ratios, low teacher turnover, and open 
8 hours per day most weekdays of the year), with a curriculum designed to promote cognitive 
and social development. Specifically, large treatment effects at ages 3 and 4 (16 points on 
Stanford-Binet, d ≈ .9) decreased over time, but sizeable effects still persisted through ages 8, 12, 
15, and even into age 21 (4-6 point differences on reading, math, and overall cognitive tests over 
these time points, d ≈ .4). 
Altogether, attempts to conduct interventions to reduce cognitive test score gaps have 
shown mixed results. These results are troubling for researchers and others individuals 
attempting to reduce cognitive test score gaps such as those between Black and White children. 
Based on Bailey et al.’s (2017) research, scholars have recommended that interventions should 
target skills, behaviors and beliefs “which can be changed, are fundamental for later success, and 





post-intervention environments still need to be enriched in order to continue the positive effects 
of early interventions. 
Another kind of intervention relevant to the study of the Black-White cognitive test score 
gap is adoption studies, where children are moved from poorer academic environments to more 
enriching ones. Transracial adoptions are when Black and other minority children are adopted by 
White families, such as children who were part of the Minnesota Transracial Adoption (TRA) 
Study (Scarr & Weinberg, 1976). This study followed 130 black and interracial children adopted 
by White families, generally as infants. Initial follow-up results showed that the Black children 
adopted in their first 12 months scored 10 points higher than the White population average at 
around age 7. A 10-year follow up study (Weinberg, Scarr, & Waldman, 1992) on 101 of these 
children found that the cognitive test score change over time was similar for biological and 
adoptive children, though the adopted children still had lower scores on average than biological 
children. Additionally, adopted children had above average scores on reading and math 
achievement tests as compared to black/interracial children who remained in the black 
community. The authors suggest that being raised in a culture that stresses the importance of 
school and tests is beneficial for adoptive children in the short term and the long run. 
Previous Attempts to Explain the Black-White Cognitive Test Score Gap 
Cognitive test scores gaps have been previously discussed for over 90 years (e.g., 
Popenoe, 1922). However, surprisingly few studies have attempted to quantitatively explain the 
Black-White cognitive test score gap in a comprehensive fashion. I briefly review two literatures 
that have previously attempted to explain the Black-White cognitive test score gap: the 
developmental literature (3 papers are discussed below), and the sociology and economics 





First, we examined attempts in developmental psychology to explain the Black-White 
cognitive test score gap. Brooks-Gunn, Klebanov, Smith, Duncan, & Lee (2003) examined data 
from 3-year-old children and 5-year-old children from the Infant Health and Development 
Program (IHDP; N = 627 low birthweight children) and from the National Longitudinal Study of 
Youth – Child Supplement (NLSY-CS; N = 3,574). Explanatory variables for the Black-White 
test score gap include birthweight, gender, family income, whether a female was the head of the 
household, maternal education, maternal verbal ability, maternal age, HOME (Home 
Observation for the Measurement of the Environment) learning, and HOME warmth. Maternal 
education, HOME Learning, and HOME Warmth were statistically significant explanatory 
variables for both studies in predicting Black-White gaps in Peabody Picture Vocabulary Test 
scores for 5-year-olds (Dunn & Dunn, 1981). However, income was statistically significant only 
for the IDHP group; while, gender, birthweight, female head of household, and maternal verbal 
ability were significant for the NLSY-CS group. Explanatory covariates were not reported for 
other cognitive tests included in these studies (e.g., Stanford Binet Intelligence Test, Wechsler 
test). Additionally, measurement equivalence over time and slope differences were not assessed. 
Using the above-listed covariates, 61% of the cognitive test score gap was explained for the 
IDHP data and 39% was explained for the NLSY-CS data. 
Mandara, Varner, Greene, & Richman (2009) examined two-wave data (10-11 year olds, 
13-14 year olds) from the NLSY-79 dataset (N = 4,406 children, 2,284 mothers). Explanatory 
variables included were: grandparent SES (measured using occupational prestige, education, and 
library resources available), mother’s achievement test scores, family SES (occupational prestige 
poverty status, and wealth), child decision making, parental monitoring of children, child house 





scores were obtained from three subtests of the Peabody Individual Achievement (PIAT) test 
battery. Of the listed variables, grandparent SES, mother’s achievement test scores, family SES, 
child decision making, child house chores, and arguing about rules were statistically significant 
explanatory variables of the cognitive test score gap. Here too, measurement equivalence and 
slope differences were not assessed. 
Burchinal et al. (2011) examined the same dataset as Cottrell et al. (2015), but used only 
4 of the 5 time points featured in Cottrell et al.’s analysis (15 year data were not available to 
Burchinal), and also only included the low-income subsample, defined by the authors as families 
at 2.25 times the poverty line or below (as a result, Burchinal et al.’s N = 314, compared to N = 
791 in Cottrell et al., 2015). Burchinal’s analysis utilized a latent growth model and used the 
Woodcock-Johnson Revised math and reading tests at the 4 time points available. However, 
math and reading were operationalized differently at the first two time points (Applied Problems 
and Letter-Word ID) versus the last two time points (Broad Reading and Broad Math), without 
testing if these tests were equivalent at these time points. A large number of explanatory 
variables were included: gender, maternal education, whether the child was firstborn 
(dichotomous), maternal childrearing attitudes, number of parents in the household, income-to-
needs ratio, a parenting composite of HOME and maternal sensitivity ratings, neighborhood 
advantage (Census indices of household income, employment status, and marital status for that 
block), hospital location, school risk (proportion of non-White students and proportion of 
students received free or reduced price lunch), and classroom quality, as well as an interaction 
term of each covariate with age. However, only statistically significant covariates are reported. 
Statistically significant explanatory variables for cognitive test intercept differences are parenting 





(for math only), and child-teacher ratio (for math only). Slope differences were significantly 
related to two-parent household (reading only), classroom quality (math only), and gender (math 
only). 
Next, I discuss attempts to explain the Black-White cognitive test score gap found in the 
fields of economics and sociology. Fryer and Levitt (2004; 2006) examined children across 4 
time points (fall of kindergarten, spring of kindergarten, spring of first grade, spring of third 
grade; N = 11,201 for math, N = 10,540 for reading test) using data from the Early Childhood 
Longitudinal Study kindergarten cohort (ECLS-K). Math and reading tests were developed 
exclusively for the ECLS based on existing instruments, but measurement equivalence and slope 
differences were not assessed. Additionally, separate regression models were created at each 
time point. Variables included were SES (composite of parental education, occupational status, 
and household income), number of children’s books, number of children’s books squared, 
birthweight, whether the mother was over 30 at first birth, whether the mother was a teenage at 
first birth (note this was a separate variable from whether the mother was over 30 at birth, as 
opposed to using a continuous variable for maternal age), gender, child age at kindergarten, and 
participation in a nutrition program. All variables were statistically significant predictors of the 
Black-White cognitive test score gap. These variables partly explained the cognitive test score 
gaps at all time points. 
Yeung and Pfeiffer (2009) analyzed data from the Panel Study of Income Dynamics 
(PSID) in three separate cohorts measured at two time points (3-5 year olds, first through third 
graders, and 4th through 7th graders in 1997, who were each measured again in 2003 as 4th-6th 
graders, 7th-9th graders, and 10th-12th graders respectively; N = 1,794, of which 856 were Black). 





but subtests were analyzed separately. Additionally, measurement equivalence was not assessed. 
Examinations of whether the gaps grew over time in the three separate cohorts were conducted 
(gaps grew most for the youngest cohort and did not change for the oldest cohort). A large 
number of variables were included in the analyses: gender, paternal grandparent education, 
maternal grandparent education, whether the mother received federal aid when the child was 
born, whether the mother was a teenager, low birthweight, birth order, parental education, 
parental occupational prestige, income for the first 5 years of the child’s life (reported as separate 
regression coefficients for different levels), average family wealth (split into quartiles, each with 
its own regression coefficient), number of children, family structure, urbanicity, parental 
expectation, cognitive stimulation, emotional support at home, weekly TV time, and mother’s 
verbal test scores. Statistically significant variables were: teenage mother, birth order, low 
birthweight, occupational prestige, income from birth to age 5, parental expectations, mother’s 
verbal test score, urbanicity (how urban or rural their residence was), weekly TV time, parental 
education, net wealth, number of children, and gender. Some cognitive test score gaps were still 
statistically significant after controlling for the above covariates, while some gaps were not 
explained. 
Altogether, the developmental, economics, and sociology literatures have made a number 
of attempts to quantitatively explain the Black-White cognitive test score gap. However, these 
studies suffer from a number of limitations, including: (a) lack of parsimony in the selection of 
covariates and failure to report results for all covariates, (b) lack of longitudinal analysis, or 
longitudinal analyses that switched indicators across time without establishing measurement 





(e) use of non-standard cognitive tests, and (f) leaving much of the Black-White cognitive test 
score gap unexplained. 
3-Step Model of Adverse Impact 
Recently, however, steps have been taken toward the creation and consolidation of a 
comprehensive theory of adverse impact. On the basis of past empirical research on the Black-
White gap in test scores mentioned above (Brooks-Gunn et al., 2003; Fryer & Levitt, 2004; Fryer 
& Levitt, 2006; Mandara et al., 2009; Yeung & Pfeiffer, 2009; Burchinal et al., 2011), Cottrell, 
Newman, and Roisman (2015) inductively hypothesized an integrated theoretical model of the 
origins of the race gap. That is, they specified a model in which particular covariates were 
selected as mediators/mechanisms for the relation between race and cognitive test scores. Each 
covariate in Cottrell et al.’s 3-Step Model was chosen because it had been demonstrated to 
uniquely explain part of the race gap in at least two prior studies.  
In essence, Cottrell et al.’s (2015) 3-Step Model attempts to provide a theoretical 
explanation for the Black-White cognitive test score gap that involves a progression of 
situational variables that promote cognitive development. Specifically, as shown in Figure 1a, 
“race is related to cognitive test scores due to a sequential process in which: (Step 1) race gives 
rise to group differences in a set of concepts known as maternal advantage (i.e., income, 
maternal education, and maternal verbal ability/knowledge), (Step 2) maternal advantage leads to 
parenting factors, including maternal sensitivity, acceptance, physical environment, learning 
materials in the home, birth weight, and birth order; and finally, (Step 3) parenting factors in turn 
promote cognitive ability/knowledge” (see Cottrell et al., 2015, pp. 4-5). After specifying the 3-
Step Model of adverse impact, an empirical evaluation using a large longitudinal dataset (N 





statistically significant path coefficients and indirect effects, in addition to overall model 
goodness-of-fit. 
Need for Meta-Analytic Replication of Mediation Primary Studies 
Whereas the research done by Cottrell et al. (2015) attempts to extend our understanding 
of adverse impact theory, one possible limitation of Cottrell et al.’s work—which is a common 
limitation in organizational science—is that a single primary study might suffer limited 
generalizability due to the idiosyncrasies of the particular sample. Consistent with this 
interpretation, there has been recent research showing that classic findings from the field of 
psychology are often very difficult to replicate or, at the very least, have smaller effect sizes than 
originally reported (Open Science Collaboration, 2015; cf. Gilbert, King, Pettigrew, & Wilson, 
2016). Being able to replicate research is part of the self-correction process inherent in the 
scientific method, because it enables the researcher to assess the extent to which a finding is 
statistically significant and/or exhibits the same effect size as previously found. From this 
philosophical perspective, replication is an extremely important part of any science (Lamal, 
1990; Ioannidis, 2012; Simons, 2014). Despite the apparent benefits of replication, a study of 
editors in various behavioral sciences (Neuliep & Crandall, 1990), as well as a perusal of 
decision letters from the manuscript review process (e.g., see Hambrick, 2007; Hunter, 2001), 
would indicate that journals are unlikely to encourage or publish replications, and that studies 
showing new effects are considered more important than replication studies. Thus, even though 
replication is an important part of the scientific process, there may be some bias against 
publishing replications of studies, which may in part result in what has been called psychology’s 
replication crisis (Francis, 2012; Ioannidis, 2012; Pashler & Harris, 2012; Asendorpf et al., 2013; 





Meta-analysis is a way to provide a summary of the effect sizes for the relationships 
among variables, and allows one to understand the range of effect sizes found in the literature 
(Schmidt & Hunter, 1977). Meta-analysis offers promise as a way to partly mitigate replication 
concerns, because it potentially helps to avoid some of the bias and error of reliance on any one 
particular sample or methodology (Hunter, 2001; Ioannidis, 2005; Maxwell, Lau, & Howard, 
2015).  
Thus, the purpose of the current project is to extend the work of Cottrell et al. by 
examining the applicability of the 3-Step Model of adverse impact meta-analytically. 
Specifically, the authors will, to the extent possible, meta-analyze the correlations that appear in 
the 3-Step Model (see Figure 1a). This project will ultimately allow I/O psychologists to better 
understand which relationships in this model are statistically and practically supported and 





CHAPTER 2: META-ANALYTIC UPDATE OF THE 3-STEP MODEL OF ADVERSE 
IMPACT  
Meta-Analysis 
Meta-analysis has, in the past 40 years, become a practical and popular way to summarize 
findings over a variety of empirical studies (Schmidt & Hunter, 1977; Hunter & Schmidt, 2004). 
This technique has been utilized in many areas, including medicine, psychology, and other social 
sciences. As new studies are conducted, they can be easily added to existing meta-analyses in a 
number of ways. One method is the medical model, which involves adding the new studies to a 
database and then recalculating the original meta-analysis (Schmidt & Raju, 2007). Other 
methods involve Bayesian procedures to update a meta-analysis (Brannick, 2001). However, 
Bayesian methods are useful when estimating the local validity, but have been found to give too 
much weight to new studies when the purpose of the meta-analysis is to estimate the overall or 
global (nonlocal) population effect. Thus, the medical model is often what is used when updating 
meta-analyses for understanding mean validity across settings (Schmidt & Raju, 2007). 
 Newman, Jacobs and Bartram (2007) note that it is important to distinguish between 
estimates of mean validity across a variety of settings (the global population effect size) versus 
estimates of true validity within a local setting (the local population effect size). Specifically, 
when there is sufficiently large variance in the true correlation across settings (denoted !"#, which 
indexes the existence of true moderators), a local study will often provide a better estimate of the 
true validity in that local context than will a meta-analysis (that is, as !"# increases, local 
validation becomes more important for establishing validity in that particular local context; 
Brannick, 2001). Newman et al. then offer a Bayesian analysis which combines information from 





either meta-analysis or the local study alone can. The advantage of empirical Bayesian 
estimation was shown to exist even for large true variances/strong moderators, given a sufficient 
number of studies in the meta-analysis. Altogether, Newman et al.’s findings suggest there is a 
tradeoff between local validity studies and meta-analyses, and that each offers information that, 
when combined into a Bayesian posterior estimate, can result in more accurate and less error-
prone parameter estimates of a true local population effect. 
 Whereas a number of meta-analyses have focused on correlations among a only two 
variables (e.g., the relationship between job satisfaction and job performance; Judge, Thoresen, 
Bono, & Patton, 2001), meta-analysis can also be used to test multi-variable theories (e.g., 
mediation models) by incorporating structural equation modeling (SEM) or path-analytic 
methods with meta-analysis (Viswesvaran & Ones, 1995; Shadish, 1996). That is, after 
conducting a meta-analysis on the constructs and relationships of interest, one can then use path 
analyses and other SEM methods to test hypotheses involving 3 or more variables using a meta-
analytic correlation matrix. This would allow for the testing of mediation models to provide a 
greater understanding of how well the theoretical parameters holds up on average (averaging 
across contexts; Shadish, 1996). 
Update of Cottrell et al.’s (2015) 3-Step Model of Adverse Impact 
In order to understand the potential scope and importance of a meta-analysis of the 3-Step 
Model, I first review in greater detail the expectations and findings of the 3-Step Model (see 
Figure 1a). First, the model suggests that race is related to maternal advantage factors (income, 
maternal education, and maternal verbal ability/knowledge) due to a history of de facto housing 
segregation, educational segregation, and occupational segregation for African-Americans 





factors resulted in major educational, occupational, and income gaps between Whites and 
Blacks, which can in large part be used to explain the contemporary problem of adverse impact 
(Newman, Hanges, & Outtz, 2007). 
Step 2 of the 3-Step Model suggests that the above maternal advantage factors are related 
to parenting factors (maternal sensitivity, learning materials in the home, physical environment, 
acceptance, birth order, and birthweight). More verbally-skilled and more educated parents can 
create more stimulating and protective home experiences (Bacharach & Baumeister, 1998; 
Brooks-Gunn & Markman, 2005). Mothers with higher income and higher education also are 
more likely to be more nurturing and to use less strict discipline, possibly due to growing up in a 
more nurturing environment themselves (Fox, Platz, & Bentley, 1995). Studies have also shown 
that higher income gives parents access to safer physical environments as well as the ability to 
buy more learning materials (Watson, Kirby, Kelleher, & Bradley, 1996; Duyme, Dumaret, & 
Tomkiewicz, 1999) which are important for social, psychological, and cognitive development. 
Additionally, Fox et al. (1995) found that maternal education also gives parents more motivation 
to provide learning materials (also see Linver, Brooks-Gunn, & Kohen, 2002; Klebanov, Brooks-
Gunn, & Duncan, 1994), more knowledge of the dangers of unsafe physical environments 
(Klebanov et al., 1994), and access to better jobs (Linver et al., 2002). These allow for safer and 
more stimulating home environments and better access to healthcare (both prenatal and birth 
control). Additionally, greater maternal education is correlated with smaller family size/lower 
birth order (Travis & Kohli, 1995) and higher birthweights (Rauh, Achenbach, Nurcombe, 
Howell, & Teti, 1988). 
Finally, step 3 of the 3-Step Model suggests that the above parenting mechanisms are 





al., 1996), maternal sensitivity (Page, Wilhelm, Gamble, & Card, 2010), warmth and acceptance 
(Brooks-Gunn, Klebanov, Smith, Duncan, & Lee, 2003), physical environment (Bradley, 
Caldwell, Rock, Hamrick, & Harris 1988), birth order (Black, Devereux, & Salves, 2005), and 
birthweight (De Kieviet, Zotebier, Van Elburg, Vermeulen, & Oosterlann, 2012) are all related to 
cognitive test scores. Additionally, there are often large Black-White differences in learning 
materials (Bradley & Caldwell, 1984), maternal sensitivity (Dotterer, Iruga, & Pungello, 2012), 
warmth and acceptance (Brooks-Gunn et al., 2003), physical environment (Thompson et al., 
1998), birth order (Black families tend to have more children under 18; United States Census 
Bureau, 2010), and birthweight (Lhila & Long, 2012).  
Additionally, the 3-Step Model also proposes a direct relationship between maternal 
verbal ability/knowledge and child cognitive test scores (a process labeled verbal socialization), 
based on research showing that a mother can impact a child’s knowledge by using more words 
herself (Schady, 2011). Additionally, this model proposes a direct effect of race on parenting 
factors (a process labeled culturally-specific parenting), based on research noted above about 
racial differences in the listed parenting factors (McLoyd, 1990; Mills-Koonce et al., 2011). 
Altogether, this model suggests a viable, empirically-supported theory for how Black-White 
cognitive test score gaps might develop. 
The analysis of 15 years of cognitive development data (Cottrell et al., 2015) showed that 
even at 54 months of age, large gaps in cognitive test scores already existed (d = -1.24), but the 
gap did not grow significantly over time. That is, Cottrell et al. showed race gaps in cognitive 
test score intercepts, but no race differences in cognitive test score slopes over time. The 3-Step 
Model then attempted to explain the race gaps in cognitive test intercepts, using a set of 





explain part of the race gap in cognitive test scores. After adding these explanatory variables into 
a regression model, race no longer had a statistically significant direct effect on the g intercept.  
Finally, Cottrell et al. found support for most of the predicted paths in the 3-Step Model. 
Specifically, for the model depicted in Figure 1a below, these authors report good model fit to 
the data (CFI = .96, NNFI = .95, RMSEA = .047, and R2g = .54; see Figure 1b). With regard to 
particular paths specified in the 3-Step Model: (a) all 3 hypothesized paths from race to maternal 
advantage were supported, (b) 11 of the 12 hypothesized paths involving the first four parenting 
factors (maternal sensitivity, acceptance, physical environment, and learning materials) were 
statistically significant, and (c) 4 of the 6 parenting factors were statistically significantly related 
to g (see Figure 1b). Additionally, the verbal socialization path (maternal verbal 
ability/knowledge to g) and the culturally-specific parenting path (race to parenting factors) were 
both supported by the data. Finally, Cottrell et al. found no direct effect of race on cognitive test 
score after the explanatory variables were accounted for. Overall, the model estimates from 
Cottrell et al. (2015) show that 83.9% of the race gap in cognitive test scores could be explained 
by the explanatory variables in the 3-Step Model. 
It is critical to understand how and why cognitive test score gaps develop in order to 
understand how to address and possibly prevent race gaps in applicant pool KSAOs in the future. 
However, a single primary study might not provide the same degree of generalizable information 
about the population as a whole as a meta-analysis can do. Therefore, the purpose of the current 
is to conduct a meta-analytic replication of the 3-Step Model, to understand which aspects of the 






CHAPTER 3: METHOD 
In an attempt to investigate the extent to which the 3-Step model is supported by meta-
analytic data (and not bound to the peculiarities of a single sample), the 3-Step Model of Adverse 
Impact parameters were estimated on the basis of meta-analysis. That is, the 3-Step Model 
specifies a pattern in the relations among 11 variables (see Figure 1b), and thus involves 55 
bivariate correlations. One of the correlations (i.e., between race and g; Roth et al., 2001) has 
already been meta-analytically estimated from prior research, whereas the 54 other correlations 
were estimated in the current study, using original meta-analyses. 
Some primary studies used in the current set of meta-analyses reported means, standard 
deviations, and group sample sizes but no correlations. In these cases, Cohen’s d (Cohen, 1969) 
values were calculated with the formula: $ = 	 '()	'*+(,- ∗/0(12 +*,- ∗/0*13(2	3*,1   
where 45 is the mean of the majority group (e.g., higher birthweight, higher education), 46 is 
the mean of the minority group, 75 is the number of participants in the majority group, 76 is the 
number of participants in the minority group, 895 is the standard deviation in the majority group, 
and 896 is the standard deviation in the minority group. In cases of race, the sign was reversed, 
so a positive value indicates higher values for Black participants (mimicking Cottrell et al., 
2015). In order to conduct Hunter-Schmidt meta-analysis, each of these d-values was then 
converted into a Pearson correlation, using the formula:  : = 	 ;;1<=, 
where > = 	 (@-<@1)1	@-@1  (Borenstein, Hedges, Higgins, & Rothstein, 2009; Lipsey & Wilson, 2001), 





sized groups result in an a equal to 4; any other value results in a > 4). For an example of this 
equation, when estimating the cognitive test score gap (i.e., correlation between race and g), the 
overall d value from Roth et al. (2001; i.e., d = -1.10, where a negative value corresponds to 
lower scores for Black participants) was converted into a correlation (r = -.36), based on setting 
the proportion of Black participants to 15% of the total [Black/(Black + White)]. Although Roth 
et al. (2001) do not report the sample sizes for each demographic group (and thus the a term in 
the above formula is unavailable), our final estimate of r = -.36 is consistent with very large-
sample estimates from the SAT test-taking population (College Board, 2015; i.e., Black-White r 
= -.36 for critical reading, r = -.39 for mathematics).  
In order to complete the additional 54 original meta-analyses, I searched Web of 
Knowledge and Google Scholar for past primary studies containing correlations between pairs of 
variables that are included in the 3-Step Model. Relevant search terms included the various 3-
Step Model explanatory variables (e.g., “maternal sensitivity”, “income”, “learning materials”, 
“birth order”, “physical environment”, “maternal IQ”, “birthweight”, “acceptance”, “maternal 
education”, “race”, “Black”, “African American”, “cognitive”), searched in pairs. These search 
terms turned up a total of 5,942 studies. After examining the titles and Methods/Results sections 
of these papers, 19 unpublished papers (e.g., unpublished dissertations and master’s theses) and 
208 published papers were identified as potential candidates for inclusion based on containing 
either correlations or data that could be converted into correlations. Studies were excluded based 
on having the same correlations on the same sample as another primary study included in the 
meta-analysis; a total of 45 studies were not included based on this criterion. Additionally, 
publically available datasets from the following large-scale studies were included in this 





Tourangeau, Nord, Lê, & Najarian, 2009), Education Longitudinal Study of 2002 (ELS; Lauff, & 
Ingels, 2015), National Educational Longitudinal Study of 1988 (NELS; Curtin, Ingels, Wu, & 
Heuer, 2002), and the National Household Education Surveys Program (NHES; Noel, Stark, & 
Redford, 2013). This resulted in a final total of 186 studies and 647 effect sizes.  
Studies that reported at least one correlation (or sufficient data that can be converted to a 
correlation, such as means, standard deviations, and sample sizes) pertaining to variables in the 
3-Step Model were included in the meta-analysis (Figure 1b). Studies containing the variables of 
interest but no correlational data (and no sufficient statistics that could be converted to 
correlations) were not included. We paid attention to the operational definitions of the variables 
used in many cases, so that they would match, where possible, the definitions of those constructs 
used in the 3-Step Model (Cottrell et al., 2015). Thus, for example, studies which contained 
either family income or maternal education measures (or separate indices of both) were included, 
but I did not include overall measures of socioeconomic status (SES), which confound family 
income with education. Due to the dearth of available primary studies, overall measures of 
maternal cognitive test scores were used when necessary to indicate maternal verbal ability (i.e., 
using a maternal overall cognitive score when the maternal verbal score was not available). 
Additionally, when multiple measures of the same variable were available (e.g., overall tests of 
cognitive ability were not reported, but rather cognitive subfacet scores, like math and reading, 
were reported), I created composite correlations using a composite correlation formula (Ghiselli, 
Campbell, & Zedeck, 1981) when necessary. Finally, studies where variables are not clearly 
defined (e.g., when I cannot match the definition of a measured variable to a variable from the 3-






Meta-analytic results were calculated using Hunter and Schmidt (2004) procedures. 
Correlations were averaged together using sample size-weighting. Because the current study 
seeks to estimate a theoretical model involving the relationships among psychological constructs, 
each meta-analytic correlation was corrected for measurement error/unreliability in both the 
predictor and the criterion (Hunter & Schmidt, 2004). Where available, local reliability indices 
were included to correct each primary study correlation. When a primary study failed to report 
the reliability of one or more measures, the unweighted average reliability for that measure 
across all other primary studies that reported the correlation in question was imputed. 
Additionally, because some variables were gathered using only single indicators (e.g., race, 
family income, and maternal education), it was impossible to estimate reliability and therefore 
those reliabilities were conservatively fixed at 1.0 (to avoid over-correction for unknown 
reliabilities). All the meta-analytic correlations were then combined into a single meta-analytic 
correlation matrix, for the purpose of structural equation modeling. 
A path model/structural equation model (SEM) of the 3-Step Model specification (see 
Figures 1a and 1b) was estimated using the meta-analytic correlation matrix (disattenuated for 
unreliability). SEM was implemented in the software MPlus 7 (Muthén, & Muthén, 2012). For 
these analyses, I used the harmonic mean sample size (N = 2727) across bivariate meta-analyses, 
as recommended by Viswesvaran and Ones (1995). When reporting meta-analytic results, in 
addition to reporting estimates of the correlations in the 3-Step Model, 95% confidence intervals 
(C.I.) and 80% credibility intervals (C.V.) of the meta-analytic correlations are also reported.  
The 95% C.I. for each correlation was calculate using the following formula (Hunter & 





         B 	± 1.96 ∗ 8H",	 
where B is the average correlation corrected for unreliability in the predictor and criterion and 8H" is the standard error of the average corrected correlation: 
            8H" = JKLMN  , 
where 89OP is the sample size weighted corrected standard deviation of correlations and k is the 
number of studies. 
The 80% C.V. for each correlation was calculating by the following formula (Hall & 
Brannick, 2002, p.388): 
         B 	± 1.28 ∗ !",	 
where 
 !" = 	 JLST151 , 
where U = 	 O" is the artifact correction factor (in this case, the change in the correlation based on 
correcting for unreliability in both the predictor and the criterion). 
Publication Bias Analyses 
Publication bias analyses were also conducted on each meta-analytic correlation. This is 
due to the possibility that effect sizes could be upwardly biased based on a certain statistical 
significance level being deemed necessary for publication (i.e., studies with small samples and 
non-significant results may be suppressed from literature that is readily available; Kepes, Banks, 
McDaniel, & Whetzel, 2012). Two methods (recommended by Kepes et al., 2012) were utilized 
for analyzing publication bias: rank-order correlation (Begg & Mazumdar, 1994) and a funnel 
plot (Light & Pillemer, 1984). The rank order-correlation examines the correlation between the 





of each study’s correlation. The standard error for each correlation was calculated using the 
formula:  
V)O1W)# , 
where r is the uncorrected correlation and N is the sample size for each study (the inverted 
standard error is approximately equal to the square root of the sample size). Funnel plots were 
visually inspected (Figure 3), and the location of the Cottrell et al. (2015) primary study was 
noted (using the green, hollow square symbols in Figure 3 for the Cottrell et al. study). Based on 
recommendations from Sterne et al. (2011), meta-analytic correlations with fewer than 10 studies 
were not included in the current publication bias analyses (“As a rule of thumb, tests for funnel 
plot asymmetry should not be used when there are fewer than 10 studies in the meta-analysis 
because test power is usually too low to distinguish chance from real asymmetry”; p. 345).  
As an additional method of analyzing the effect of publication bias on our results, a cutoff 
was used for examining the impact of small studies on the correlational results of this meta-
analysis (similar to a method used in Roberts, Luo, Briley, Chow, Su, & Hill, 2017). We utilized 
a cutoff of standard error ≥ .10, above which studies were excluded from this recalculation of the 
meta-analysis. 222 effect sizes were dropped based on this large-sample criterion, resulting in a 
total of 425 effect sizes used in this large-sample analysis designed to check for publication bias 
due to the inclusion of small studies. We recalculated the rank-order correlations and 3-Step-
Model correlations (see Tables 2 and 3a) based on this smaller number of studies (referred to as 
“Large Sample Meta-Analysis” in Tables 2 and 3a, the rightmost column), in order to compare 






CHAPTER 4: RESULTS  
Correlations 
Correlation results of the meta-analyses are in Table 1, which shows the correlations 
among the 3-Step Model variables (for more specific information on each primary study 
included in this meta-analysis, see Table 6). On average, the uncorrected correlations amongst 
the variables in the meta-analysis were .08 smaller than the correlations in Cottrell et al.’s (2015) 
original results (see Table 3a). However, there also was a range of correlation differences. For 
example, of the 55 bivariate correlations in the 3-Step Model, 23 of the correlation differences 
between the Cottrell et al. (2015) primary study and the current meta-analysis were less than or 
equal to |.05|. In contrast, 9 of correlation differences were above |.20|.  
By setting an arbitrary cutoff to calculate how many of the meta-analytic correlations 
differed substantially from the corresponding Cottrell et al. (2015) primary study correlations 
[i.e., setting the practically significant difference threshold between each Cottrell et al. (2015) 
correlation and the corresponding uncorrected meta-analytic correlation at difference ≥ .10; see 
Table 3a], we find that: (a) 8 of the 10 correlations involving child cognitive test scores were 
different in the meta-analysis than in the primary study, (b) 6 of the 10 correlations involving 
maternal sensitivity were different in the meta-analysis than in the primary study, (c) 6 of the 10 
correlations involving learning materials were different in the meta-analysis than in the primary 
study, (d) 5 of the 10 correlations involving family income were different in the meta-analysis 
than in the primary study, (e) 5 of the 10 correlations involving maternal education were 
different in the meta-analysis than in the primary study, (f) 5 of the 10 correlations involving 
acceptance were different in the meta-analysis than in the primary study, and (g) 5 of the 10 





primary study. To summarize, the meta-analytic average bivariate results appear to differ from 
the Cottrell et al. (2015) bivariate results for the following variables: (a) child cognitive test 
scores, (b) maternal sensitivity, (c) socioeconomic status variables (family income and maternal 
education), and (d) HOME variables (learning materials, acceptance, and physical 
environment).  
Multiple Regression 
Beyond the bivariate correlations, results from a multiple regression model in which the 
child cognitive test score variable was regressed onto race and all the covariates simultaneously 
are presented in Table 4. These regression coefficients show that all but two of the covariates 
uniquely predict cognitive test scores in the same direction (positive or negative) in the meta-
analytic data as in Cottrell et al.’s (2015) primary study (i.e., the coefficients for acceptance and 
physical environment change signs to be negative in the meta-analytic regression model; see 
Table 4). One hypothesized covariate (i.e., learning materials) is no longer uniquely statistically 
significant in the meta-analytic data, whereas three hypothesized covariates (i.e., birthweight, 
family income, and maternal education) become uniquely statistically significant in the meta-
analytic data. Additionally, in the meta-analytic data, the unique effect of race on test scores after 
controlling for all covariates remained statistically significant (βmeta = -.13, p < .05), whereas it 
was not statistically significant in Cottrell et al.’s (2015) primary study (βprimary = -.07, p > .05, 
n.s.).  
Percent of Race Gap Explained compared to Cottrell et al. (2015) 
As previously conducted in Cottrell et al., 2015 (p. 1736), we partitioned the cognitive 
test score total effect into the portions that were accounted for by the model’s explanatory 





explanatory variable onto race (Baron & Kenny, 1986); both in a full model (i.e., with all 
explanatory variables included together) and in separate models for each explanatory variable on 
its own. Table 4 shows the results of this analysis. When each covariate was considered alone, 
results from Cottrell et al. (2015) replicated quite well in the meta-analytic data (see Table 4). 
That is, all nine of the mediation/indirect effects remained in the hypothesized directions, and all 
nine were statistically significant in the meta-analytic data. 
We next looked at indirect effect sizes in the full model, which included all covariates 
simultaneously. This analysis revealed that the explanatory variables explained 65.6% of the 
total race gap in cognitive test scores in the meta-analytic data. In contrast, the primary study 
found the explanatory variables together accounted for 83.9% of the race gap in cognitive test 
scores.  
Meta-analytic 3-Step Model compared to Cottrell et al. (2015) 
We next estimated the structural equation model (SEM) specifying Cottrell et al.’s (2015) 
3-Step Model of Adverse Impact, using the meta-analytic corrected correlation values shown in 
Table 1. The model was estimated in MPlus Version 7 (Muthén & Muthén, 2012). Like in 
Cottrell et al. (2015), we examined the model fit of 3 alternative models: (Model A) the 3-Step 
Model, (Model B) 3-Step Model with Verbal Socialization (i.e., direct path from maternal verbal 
ability/knowledge to child cognitive scores), and (Model C) 3-Step Model with Verbal 
Socialization and Culturally-Specific Parenting (i.e., including direct paths from race to each 
parenting factor). Fit indices for the three models are given in Table 5. With respect to the CFI 
and SRMR fit indices, all three models showed adequate fit (CFI ≥ .93, SRMR ≤ .05 for all 3 
models). In contrast, NNFI and RMSEA indicated less-than-optimal model fit, especially for 





closer to adequate for Model C (NNFI = .86, RMSEA = .103). Replicating what was found in 
Cottrell et al. (2015), the model fit was best for the 3-Step Model with Verbal Socialization and 
Culturally Specific Parenting (CFI = .99, NNFI = .86, RMSEA = .103, SRMR = .016). This 
model is presented in Figure 2. Below, the results of the model shown in Figure 2 are 
summarized by step. Additionally, differences between the primary study results (i.e., from 
Cottrell et al., 2015) and this meta-analytic SEM are highlighted (for more detail, see Table 3b). 
Race to Maternal Advantage. Race was significantly negatively related to all three 
maternal advantage variables: family income (βmeta = -.35, p < .05; βprimary = -.30, p < .05), 
maternal education (βmeta = -.19, p < .05; βprimary = -.23, p < .05), and maternal verbal 
ability/knowledge (βmeta = -.59, p < .05; βprimary = -.43, p < .05). The meta-analytic path 
coefficients between race and maternal advantage variables were similar to those found in the 
primary study, although the meta-analytic path was larger for maternal verbal ability/knowledge 
in the meta-analysis. 
Maternal Advantage to Parenting Factors. In the meta-analytic model, maternal 
advantage factors were significantly related to parenting factors, including maternal sensitivity, 
acceptance, physical environment, and learning materials (9 of 12 parameter estimates are 
statistically significant). When comparing the meta-analytic results to the primary study results, 
we found: (a) 4 out of 6 family income effects were the same (replicating the pattern of statistical 
significance and direction of effects) in the meta-analysis as in Cottrell et al. (2015), (b) 5 out of 
6 maternal verbal ability/knowledge effects were the same (replicating the pattern of statistical 





significance and direction of effects) as in Cottrell et al. (2015). Results are in Table 3b. Below, 
we highlight differences between the primary study and meta-analysis. 
. First, unlike the primary study, family income was not statistically significantly related 
to birth order (βmeta = .04, n.s.; βprimary = -.20, p < .05), nor to birthweight (βmeta = .01, n.s.; βprimary 
= -.09, p < .05), and had a larger relationship with learning materials (βmeta = .31, p < .05; βprimary 
= .17, p < .05). In sum, the family income results replicated, with exception of family income 
effects on birthweight and birth order. Second, maternal verbal ability/knowledge had larger 
relationships with maternal sensitivity (βmeta = .69, p < .05; βprimary = .23, p < .05), acceptance 
(βmeta = .77, p < .05; βprimary = .14, p < .05), and learning materials (βmeta = .45, p < .05; βprimary = 
.12, p < .05) as compared to the primary study, and is now statistically significantly related to 
physical environment as well, in the hypothesized direction (βmeta = .18, p < .05; βprimary = .03, 
n.s.). So the maternal verbal ability/knowledge results from Cottrell et al. replicated in the meta-
analysis, plus the hypothesized effect of maternal verbal ability/knowledge on physical 
environment was additionally supported in the meta-analysis. Third, maternal education results 
are largely unsupported in the meta-analysis, with 5 of 6 effects being nonsignificant or in the 
wrong direction. Maternal education has a negative relationship with maternal sensitivity (βmeta = 
-.10, p < .05; βprimary = .32, p < .05) and acceptance (βmeta = -.21, p < .05; βprimary = .22, p < .05). 
In addition, maternal education is also no longer statistically significantly related to physical 
environment (βmeta = .04, n.s.; βprimary = .19, p < .05) or learning materials (βmeta = -.04, n.s.; 
βprimary = .29, p < .05), and now is statistically significantly related to birth order in the expected 
direction (βmeta = -.12, p < .05; βprimary = .02, n.s.).  
Parenting Factors to Child Cognitive Test Scores. We next looked at paths from 





parenting factors to child cognitive scores, 3 paths replicated in the meta-analysis (maternal 
sensitivity, learning materials, and birth order), one hypothesized path that was not supported in 
the primary study became supported in the meta-analysis (birthweight), one hypothesized path 
that was supported in the primary study became unsupported in the meta-analysis (physical 
environment), and one unsupported path from the primary study became supported in the 
opposite/wrong direction in the meta-analysis (acceptance). Maternal sensitivity (βmeta = .20, p < 
.05), learning materials (βmeta = .07, p < .05), and birth order (βmeta = -.05, p < .05) were 
significantly and uniquely related to g in the expected direction (as in the primary study), though 
the effect of birth order was smaller than in the primary study (βprimary = -.18, p < .05). 
Additionally, unlike in the primary study, birthweight is now a statistically significant and 
unique predictor of g (βmeta = .08, p < .05; βprimary = .04, n.s.). Physical environment is no longer a 
significant predictor of g (βmeta = -.03, p < .05; βprimary = .08, p < .05). Finally, acceptance was 
negatively related to g, the opposite of the expected direction of the effect (βmeta = -.17, p < .05; 
βprimary = .04, n.s.). 
Verbal Socialization and Culturally-Specific Parenting. Next, we discuss the additional 
paths specified in the 3-Step Model: verbal socialization (i.e., the direct path from maternal 
verbal ability/knowledge to g) and culturally specific parenting (the direct paths from race to 
each of the parenting factors: maternal sensitivity, learning materials, acceptance, physical 
environment, birth order, and birthweight). Maternal verbal ability/knowledge has a similar 
relationship with g in meta-analysis as in the primary study (βmeta = .43, p < .05; βprimary = .35, p < 
.05), suggesting the verbal socialization hypothesis is replicated in the meta-analysis.  
As for direct paths from race to parenting factors, 3 of the 6 direct effects of race on 





birth order), but the other 3 direct effects of race on parenting were statistically significant in the 
opposite/wrong direction (i.e., race to maternal sensitivity, acceptance, and learning materials: 
in the meta-analytic model, Black parents exhibited *more* of these parenting factors, after 
controlling for maternal advantage). To elaborate, race was significantly related to all parenting 
factors, as in the primary study. However, for maternal sensitivity (βmeta = .10, p < .05; βprimary = -
.31, p < .05), acceptance (βmeta = .12, p < .05; βprimary = -.14, p < .05), and learning materials 
(βmeta = .06, p < .05; βprimary = -.18, p < .05), the direction was reversed (i.e., positive coefficients: 
Black parents exhibited more of the parenting behaviors) as compared to the primary study. 
Relationships of race with other parenting factors were of similar size to the primary study (see 
Table 3b). 
Summary of Replication Results 
To summarize the above comparisons between Cottrell et al.’s (2015) primary study and 
the current meta-analysis, we note several trends. With regard to bivariate correlations, (a) child 
cognitive test scores, (b) maternal sensitivity, (c) socioeconomic status variables (family income 
and maternal education), and (d) HOME variables (learning materials, acceptance, and physical 
environment) showed at least 5 of 10 correlation changes of at least .10 in magnitude.  
With regard to the regression of child cognitive test scores on all covariates and race, all 
but two of the covariates uniquely predict cognitive test scores in the same direction (positive or 
negative) in the meta-analytic data as in Cottrell et al.’s (2015) primary study. All nine of the 
mediation/indirect effects remained in the hypothesized directions, and all nine of the indirect 
effects were statistically significant in the meta-analytic data (when considering each mediator 





scores, as compared to 83.9% of the gap explained by the same covariates in the Cottrell et al. 
(2015) primary study. 
With regard to the 3-Step Model, the following trends were found when comparing the 
meta-analytic results to the primary study results. For Step 1 (race to maternal advantage), the 
meta-analytic path coefficients between race and maternal advantage variables were similar to 
those found in the primary study. For Step 2 (maternal advantage to parenting factors), we found: 
(a) 4 out of 6 family income effects were the same (replicating the pattern of statistical 
significance and direction of effects) in the meta-analysis as in Cottrell et al. (2015), (b) 5 out of 
6 maternal verbal ability/knowledge effects were the same (replicating the pattern of statistical 
significance and direction of effects) in the meta-analysis as in Cottrell et al. (2015), and (c) only 
1 out of 6 maternal education effects were the same (replicating the pattern of statistical 
significance and direction of effects) in the meta-analysis as in Cottrell et al. (2015).  
For Step 3 (parenting factors to child cognitive scores), three paths replicated in the meta-
analysis (maternal sensitivity, learning materials, and birth order), one hypothesized path not 
supported in the primary study became supported in the meta-analysis (birthweight), one 
hypothesized path supported in the primary study became unsupported in the meta-analysis 
(physical environment), and one unsupported path from the primary study became supported in 
the opposite/wrong direction in the meta-analysis (acceptance). The additional path specified in 
the 3-Step Model with Verbal Socialization (from maternal verbal ability/knowledge to child 
cognitive scores) was replicated in the meta-analysis. Additionally, 3 of the 6 direct effects of 
race on parenting replicated in the meta-analysis (i.e., race to birthweight, physical environment, 
and birth order), but the other 3 direct effects of race on parenting were statistically significant in 





materials: in the meta-analytic model, Black parents exhibited *more* of these parenting factors, 
after controlling for maternal advantage).  
Publication Bias 
We also examined publication bias among some of the correlations in our study. In all, 24 
meta-analytic correlations were based on meta-analysis of at least 10 primary studies, and could 
thus be used in the publication bias analysis (based on recommendations by Sterne et al., 2011 
noted earlier). 
Table 2 shows the results of the rank-order correlation test (Begg & Mazumdar, 1994), 
which estimates the unweighted correlation between the primary study effect sizes and their 
inverted standard errors (i.e., similar to square root of sample size). If a meta-analytic correlation 
is positive, publication bias would be evidenced by a negative rank-order correlation test, which 
suggests that small-sample studies with smaller effect sizes are missing from the meta-analytic 
database (cf. for a negative meta-analytic correlation, a positive rank order correlation would 
indicate publication bias). In Table 2, results varied greatly by each meta-analytic correlation. 
Because of the small number of samples for each rank-order correlation (k ranges from 10 to 46), 
even when using a liberal threshold for statistical significance of p < .10, only 3 of the rank-order 
correlations were statistically significant: (a) birthweight with child cognitive test scores 
(rr_primary,1/SE_primary) = -.36, p < .10), (b) maternal education with physical environment 
(rr_primary,1/SE_primary) = -.61, p < .05), and (c) income with maternal sensitivity (rr_primary,1/SE_primary) = 
.56, p < .05). Strictly speaking, only the first two of these rank-order correlations implies 
publication bias in the traditional sense, whereas the third rank-order correlation is positive, 





 Funnel plots (Figure 3) for each included meta-analytic correlation examine the 
relationship of the effect size (i.e., primary sample correlations) and precision (i.e., the inverse of 
the sample standard error) of each sample. These funnel plots correspond to the rank-order 
correlations in Table 2. An asymmetric funnel plot suggests the potential presence of publication 
bias. Indeed, the funnel plot for birthweight and child cognitive test scores, and the funnel plot 
for maternal education and physical environment, both confirm the large negative rank-order 
correlations reported in Table 2. 
 Next, we examined the effects of removing correlations based on small primary study 
samples. As noted earlier, we conducted supplemental analyses in which we removed primary 
studies with a standard error greater than or equal to .10 from all meta-analytic correlations. This 
version of the analysis contains only 425 effect sizes, 222 fewer than the full meta-analysis. 
Table 2 shows that the large sample meta-analytic rank-order correlations tended to be stronger 
after removing small samples, especially among meta-analyses with positive correlations 
between primary study effect size and primary study precision. Table 3a shows the large sample 
meta-analytic correlations, which were very similar to the full meta-analytic correlations (only 3 
meta-analytic correlations changed by more than .02; all 3 correlations involved maternal 
sensitivity). This suggests that removing small samples affected rank-order correlations, but the 
meta-analytic correlations themselves largely remained the same. Overall, results suggest that 
publication bias was not a major factor in the meta-analytic correlations, to the extent that 





CHAPTER 5: DISCUSSION 
The purpose of this study was to attempt a meta-analytic replication of Cottrell et al. 
(2015) by conducting meta-analyses on the correlations included in the 3-Step Model of Adverse 
Impact and estimating the 3-Step structural equation model. The meta-analytic model could be 
compared to the Cottrell et al. (2015) primary study model in terms of magnitudes and statistical 
significance of bivariate correlations, regression coefficients, and model parameter estimates, as 
well as by the percent of the Black-White cognitive test score gap explained by the explanatory 
variables. This analysis helps to assess whether the empirical basis for the 3-Step Model is 
potentially dependent upon idiosyncrasies in the Cottrell et al. (2015) primary data. 
Results of the meta-analyses showed that: (a) meta-analytic bivariate correlations were 
generally similar to those found in the Cottrell et al. (2015) model (Table 3a), (b) all nine of the 
hypothesized explanatory variables, when considered alone, mediated the race gap in cognitive 
test scores with the same pattern of statistical significance as found in Cottrell et al.’s primary 
study (Table 4), (c) the nine covariates together explained 65.6% of the race gap, in contrast to 
83.9% of the race gap explained in Cottrell et al.’s (2015 primary study (Table 4), (d) the meta-
analytic overall model fit for the 3-Step Model was relatively adequate (CFI = .99, NNFI = .86, 
RMSEA = .103, SRMR = .016; Table 5), and (e) many of the 3-Step Model parameter estimates 
were similar to those found in Cottrell et al. (2015) in terms of direction and statistical 
significance (Table 3b). 
As noted earlier, differences between meta-analytic and primary study bivariate 
correlations were mainly found for correlations involving (a) child cognitive test scores, (b) 
maternal sensitivity, (c) socioeconomic status variables (family income and maternal education), 





differences can be potentially explained, at least in part, by how some of these covariates were 
operationalized in the Cottrell et al. (2015) study. Importantly, three constructs—child cognitive 
test scores (i.e., g in Cottrell et al., 2015), maternal sensitivity, and family income—were 
indexed in Cottrell et al.’s primary study as latent intercepts from latent growth modeling 
(LGM), based on measures of these variables taken at 5 points of time (i.e., cognitive test scores, 
family income, and maternal sensitivity were modeled longitudinally using an intercept 
parameter). Modeling these constructs using time intercepts from LGM has the effect of 
correcting for some transient sources of random error across occasions (see Schmidt, Le, & 
Illies, 2003). Essentially, modeling child cognitive scores, maternal sensitivity, and family 
income as time intercepts could explain why these bivariate correlations were often larger in the 
Cottrell et al. (2015) primary study than in the current meta-analysis—the Cottrell et al. (2015) 
measures were essentially disattenuated for transient measurement error, whereas the meta-
analytic correlations were typically not disattenuated and were therefore smaller in magnitude. 
Conceptually, this could be interpreted as suggesting that Cottrell et al.’s (2015) 3-Step Model 
should be generalized to the level of stable, chronic individual differences in g, maternal 
sensitivity, and family income from ages 5 to 15, and would not be expected to replicate as 
strongly when using measures of these variables taken at a single time point (as was typically 
done by studies included in the meta-analysis). In other words, because latent growth model 
intercepts were utilized for several of these variables in Cottrell et al. (2015), results may differ 
from the meta-analysis (in which these constructs were not operationalized using latent growth 
model intercepts).   
Differences in meta-analytic correlations involving the HOME variables (i.e., acceptance, 





study, could be at least in part accounted for by on the timing of the HOME measures (i.e., the 
child’s age when they were administered). Specifically, in Cottrell et al. (2015), the 54 month 
measure of the HOME variables was used because it corresponded most closely to the beginning 
of schooling for children, as well as to the first measure of child cognitive test scores used in the 
Cottrell et al. paper. In contrast, many of the studies included in the meta-analysis include as 
participants children who have generally not yet entered schooling (i.e., less than age 4; e.g., 
Ainsworth & Bell, 1972; Berlin et al., 2011; Bradley & Caldwell, 1984) or have already been in 
school for several years (i.e., 8 years old or older; e.g., Davis-Kean, 2005; Dubow & Luster, 
2005; Lauff, & Ingels, 2015; Rindermann, Hoang, & Baumeister, 2013). This suggests the 
possibility that the first year of schooling might be a critical period, during which features of the 
home environment (i.e., learning materials, acceptance, and physical environment) are more 
important for child cognitive development than at any other time. This could be due, for 
example, to the availability of resources and support at home during the time when children are 
being initially socialized to schooling itself. 
Finally, differences between Cottrell et al.’s (2015) primary study and the current meta-
analysis in maternal education correlations can potentially be attributed to two factors. First 
differences in correlations with the variables mentioned above (child cognitive test scores, 
maternal sensitivity, and the HOME variables). In other words, meta-analytic maternal education 
correlations were at least .10 smaller than primary study correlations only for child cognitive test 
scores, maternal sensitivity, and the HOME variables. Additionally, in Cottrell et al. (2015), 
maternal education was measured when the child was one month of age, whereas it was 





analysis. This suggests that perhaps maternal education is more likely to change early in a child’s 
life due to a mother deciding to pursue additional schooling. 
Results of the model regressing child cognitive test scores onto all explanatory variables 
and race, and onto each explanatory variable on race (see Table 4), show that the meta-analytic 
model explained 65.6% of the Black-White cognitive test score gap. This is a smaller proportion 
of the gap than Cottrell et al.’s (2015) primary study (83.9%). Additionally, although the 
explanatory variables mediated/explained a large portion of the race gap; the explanatory 
variables in the meta-analytic model did not fully mediate the relationship between race and 
cognitive test scores (as they had done in Cottrell et al.’s primary study). That is, the relationship 
between race and child cognitive test scores was still statistically significant (βmeta = -.13, p < 
.05) after controlling for the explanatory variables. This difference is likely due in part to the 
smaller correlations of the explanatory variables with cognitive test scores in the meta-analysis 
as compared to Cottrell et al.’s (2015) study. As mentioned earlier, a potential reason why child 
cognitive test scores had generally smaller correlations with the other variables in the meta-
analytic data may be because of the operationalization of child cognitive scores used in Cottrell 
et al. (2015; i.e., using latent growth model intercepts on a longitudinal dataset, which removed 
some transient measurement error from the measure of cognitive test scores). 
Aside from bivariate correlations and regression results, structural equation model 
parameter estimates tended to vary more greatly than the correlations, with some hypothesized 
paths changing directions (i.e., from positive to negative or vice-versa) as compared to the 
Cottrell et al. (2015) primary study. This suggest certain aspects of this model may not replicate 
in the meta-analytic test of the model. These changes might have been due, in part, to higher 





which used correlations corrected/disattenuated for both predictor and criterion unreliability (as 
opposed to Cottrell et al., 2015, which did not disattenuate correlations prior to analysis). For 
example, acceptance and maternal verbal ability/knowledge are correlated much more strongly in 
the meta-analytic 3-Step Model than in the primary study (rprimary = .36; rmeta = .37; ρmeta = .56), 
due in part to correction for low reliability. A similar pattern can be seen for the correlation of 
acceptance and maternal sensitivity (rprimary = .49; rmeta = .46; ρmeta = .64), the correlation between 
learning materials and maternal verbal ability/knowledge (rprimary = .45; rmeta = .40; ρmeta = .52), 
and the correlation between maternal sensitivity and physical environment (rprimary = .49; rmeta = 
.41; ρmeta = .58).  
Despite this, the meta-analytic model still showed support for many (though not all) of 
the same statistically significant paths theorized in the 3-Step Model. Specifically, the paths from 
race to maternal advantage factors were all statistically significant in the same direction with 
similar sized coefficients. Most of the hypothesized paths from maternal advantage factors to 
parenting factors were replicated (i.e., same statistical significance and same direction) for 
family income and maternal verbal ability/knowledge (though not for maternal education). Most 
of the hypothesized paths from parenting factors to child cognitive test scores were also 
replicated. The verbal socialization effect was also replicated in the meta-analytic model, as were 
some of the culturally-specific parenting factors (i.e., race to birthweight, physical environment, 
and birth order). Altogether, these meta-analytic results suggest the 3-Step Model is largely 
supported. 
Implications and Future Directions 
This meta-analysis has implications for theory, practice, and methodology. Implications 





should be included in future analyses. For example, the results of the meta-analysis are most 
tenuous for acceptance and physical environment, because paths from these variables to child 
cognitive test scores changed directions from the primary study in the meta-analytic regression 
model as well as in the 3-Step Model. Specifically, in the meta-analytic 3-Step Model, the paths 
from acceptance (βmeta = -.17, p < .05; βprimary = .04, n.s.) and physical environment (βmeta = -.03, 
p < .05; βprimary = .08, p < .05) to child cognitive test scores were the opposite direction of what 
was hypothesized. Additionally, in the meta-analytic regression model, the effects of acceptance 
(βmeta = -.13, p < .05; βprimary = .04, n.s.) and physical environment  (βmeta = -.08, p < .05; βprimary = 
.08, n.s.) on the cognitive test score gap were in the opposite direction of what was hypothesized, 
and found, in the Cottrell et al. (2015) primary study. Additionally, only 1 of 6 paths of maternal 
education replicated in the 3-Step Model. On the basis of the above results, I re-analyzed the 
meta-analytic 3-Step Model and regression model after removing acceptance, physical 
environment, and maternal education from the model to examine changes to the overall model fit 
and the percent of the Black-White cognitive test score gap explained. Results showed that the fit 
of this version of the 3-Step Model had adequate fit for CFI and SRMR indices but less adequate 
fit for the NNFI and RMSEA (CFI = .99, NNFI = .86, RMSEA = .103, SRMR = .019). Fit 
statistics were very similar to the version with all variables included (CFI = .99, NNFI = .86, 
RMSEA = .103, SRMR = .016). The meta-analytic regression model with acceptance and 
physical environment removed explained 79.9% of the Black-White cognitive test score gap, 
14.3% more than the meta-analytic model with all 9 explanatory variables included. Thus, these 
post-hoc results show little change to the model fit as well as an increase in the percent of the 
cognitive test score gap explained after removing acceptance, physical environment, and 





environment, and maternal education from the 3-Step Model in future studies to enhance the 
model’s parsimony (Cohen, 1990). 
An additional implication for theory is a better understanding of the percent of the 
cognitive test score gap explained by the 3-Step Model of Adverse Impact. It is important to 
understand how much of the cognitive test score gap is explained by this model and the extent to 
which the specific 3-Step Model paths were, or were not, replicated. Because the meta-analytic 
3-Step Model variables do not fully explain the gap, and because some of the paths in the model 
did not replicate (e.g., the paths of acceptance and physical environment to child cognitive test 
scores), it suggests that the 3-Step Model could be improved by removing some variables (e.g., 
acceptance and physical environment) and including other variables, such as neighborhood and 
school characteristics, in future research. 
 One implication for practice is that certain of the 3-Step Model explanatory variables 
may be more important than others for explaining (and perhaps eventually reducing) cognitive 
test score gaps. For example, family income and maternal education explain a greater amount of 
the cognitive test score gap in the meta-analysis than in the primary study. This suggests that 
interventions targeted at these variables may have downstream effects on reducing cognitive test 
score gaps and potentially reducing adverse impact. 
 An implication for methodology is that, as mentioned earlier, many of the differences 
between the primary study and meta-analysis are methodological (i.e., Cottrell et al. [2015] used 
latent growth modeling on longitudinal data and utilized the expectation maximization advanced 
missing data techniques [expectation maximization algorithm; Enders, 2001; Newman, 2009], 
whereas other studies generally did not use longitudinal data, nor advanced missing data 





methodological techniques for the results one finds. Thus, future analyses of 3-Step Model 
variables should, where feasible, utilized advanced missing data techniques (e.g., expectation 
maximization or multiple imputation; see Newman & Cottrell, 2015), longitudinal data, and 
latent growth modeling. 
 An additional implication for methodology is that this study provides an example of the 
advantages of meta-analysis over relying on single primary studies for producing believable 
results. As mentioned earlier, recent research has shown that many studies in psychology could 
not be replicated or had smaller effect sizes in replication attempts than in the original studies 
(Open Science Collaboration, 2015; cf. Gilbert, King, Pettigrew, & Wilson, 2016). This may be 
in part due to the emphasis on finding statistically significant results, which may result in 
problematic yet widespread techniques such as “p-hacking”, or conducting a study multiple 
times (or collecting more data) until a non-significant results becomes statistically significant, 
and then only the significant result is published (Head, Holman, Lanfear, Kahn, & Jennions, 
2015). The current meta-analysis has shown that while many of the 3-Step model paths were 
replicated, others (i.e., the paths from maternal education to parenting factors) were not. Thus, 
single studies of a model should be considered much more tenuous than model results based 
upon replication of those findings and meta-analysis (Ioannidis, 2005). This emphasizes the 
importance of replications of empirical studies for building theories explaining relationships 
amongst variables of interest. In turn, such replications can help begin to solve the replication 
crisis. 
 Finally, as noted earlier, possible reason for differences between the meta-analysis and 
the Cottrell et al. (2015) primary study in correlations involving HOME variables is based on the 





schooling). In other words, one empirical research question that can be investigated based on 
these results is whether correlations of HOME variables with cognitive development are highest 
before schooling occurs. Future studies can use longitudinal data to answer this question. 
Limitations 
There are a number of potentially important variables that were not included in the 3-Step 
Model. Specifically, there may be mediators of the relationships between race and parenting 
factors, as well as between maternal verbal ability/knowledge and child cognitive test scores. For 
example, minority parents may be unable to secure key resources for their children’s cognitive 
development due to the neighborhood in which they live lacking educational resources. African 
Americans tend to be more highly concentrated in impoverished neighborhoods than poor 
Whites (Krieger et al., 1993). Black children are therefore more likely to be exposed to violence 
and health risks due to the dangers of poor neighborhoods. The persistence of anxiety based 
behaviors and low performance on tests in African Americans is likely in part due to 
environmental stress as a result of living in poor neighborhoods, where the lack of neighborhood 
resources leads to a great deal of anxiety (Barbarin & Soler, 1993). Greenman, Bodovski, and 
Reed (2011) interpreted their findings as showing that families in disadvantaged neighborhoods 
took children on fewer educational and cultural outings, and, partly as a result of reduced 
exposure to educational and cultural activities, children showed lower 5th grade math scores. 
Higher neighborhood disadvantage scores, such as a high percentage of parents without a high 
school education, high unemployment rate, and high percentage of families receiving social 
assistance, predicted reading ability scores 7 years later (Lloyd, Li, & Hertzman, 2010). 
Additionally, maternal verbal ability/knowledge may be related to child cognitive test 





Specifically, Hoff (2003) found that the number of word types (different word roots) and mean 
length of utterances that mothers used uniquely predicted child vocabulary in children from 16 to 
31 months of age. Importantly, Pan, Row, Singer, and Snow (2005) found that it was the 
diversity of vocabulary (number of different words) used by mothers, and not just the raw 
quantity of words, that predicted child vocabulary production growth. This suggests that verbal 
interaction with children even at very young ages is critical for cognitive development and that 
these variables should be explored in conjunction with the other variables in the 3-Step Model. 
Another limitation is one found in any meta-analysis: this research synthesis combines 
different kinds of studies that may not necessarily be comparable (i.e., apples and oranges; see 
Borenstein et al., 2009), and may include some low-quality studies (i.e., garbage in and garbage 
out). Though we did explore for the potential of publication bias, the analysis does not address 
some of the issues mentioned above. Many of the correlations included in this analysis featured 
only a few studies. Most of the meta-analytic correlations (30 out of 54 original meta-analyses) 
included fewer than 10 studies per correlation, meaning they are potentially more vulnerable to 
sampling error than larger meta-analyses would be (although less vulnerable to sampling error 
than a single primary study). Since unbiased estimates of these correlations are critical for 
understanding the applicability of the 3-Step Model, future studies should continue to measure 
and analyze the impact of all of these variables on each other, and future meta-analyses should 
examine these variables to better understand how they explain cognitive development. 
Additionally, as mentioned above, the meta-analytic SEM did not fully explain the Black-
White cognitive test score gap (65.6% of the gap explained). This suggests that other variables, 





included variables for understanding and potentially reducing Black-White cognitive test score 
gaps.  
Finally these results are nonexperimental, since all meta-analytic results are based on 
correlations. Although the 3-Step Model specifies a causal order for race, the explanatory 
variables, and child cognitive test scores, the causal relationships among these variables cannot 
be tested in this study. Thus, it would be premature to recommend interventions based on the 3-
Step model. Future studies should where feasible conduct experiments on these variables to 
establish causal relationships among the 3-Step Model variables. 
Conclusion 
The purpose of this paper was to attempt to replicate Cottrell et al.’s (2015) results 
supporting the 3-Step Model of Adverse Impact, using meta-analytic technique. Results showed 
that most of the paths from Cottrell et al.’s (2015) primary study were replicated. However, the 
percent of race gap explained is smaller in the meta-analysis as compared to the primary study 
(66% vs. 84%). These results highlight the need for continued research in this area, both within 
and outside of I/O Psychology, in order to continue to improve adverse impact theory and 
understand how to address problems in personnel selection and organizational diversity that are 






CHAPTER 6: FIGURES AND TABLES 
Figure 1a 
3-Step Model with Verbal Socialization and Culturally-Sensitive Parenting (from Cottrell, 
Newman, & Roisman, 2015) 
 
Figure 1b 





Figure 2  









































































Meta-Analytic Correlation Table 
Correlation k N ! " 95% C.I. 80% C.V. 
Acceptance, Birth order 2 870 -.04 -.06 [-.13,.01] [-.08,-.03] 
Acceptance, Birthweight 4 1,740 .07* .09* [.08, .10] [.09,.09] 
Acceptance, Child cognitive test 
scores 
30 24,072 .17* .21* [.18, .24] [.08, .35] 
Acceptance, Family income 18 12,225 .13* .16* [.12,.19] [.05,.26] 
Acceptance, Learning materials 7 11,773 .16* .23* [.13,.33] [-.02,.48] 
Acceptance, Maternal education 13 11,724 .17* .20* [.14,.26] [.04,.36] 
Acceptance, Maternal verbal test 
scores 
2 831 .37* .56* [.48,.63] [.48,.64] 
Acceptance, Maternal sensitivity 7 1,476 .46* .64* [.45,.83] [.19,1.0] 
Acceptance, Physical environment 5 1,898 .23* .37* [.19,.55] [-.04,.79] 
Acceptance, Race 7 11,545 -.23* -.28* [-.32,-.24] [-.37,-.20] 
Birth order, Birthweighta 4 8,242 .12* .12* [.08,.15] [.08,.16] 
Birth order, Child cognitive test 
scores 
18 654,208 -.10* -.11* [-.12,-.09] [-.15,-.07] 
Birth order, Family incomea 5 4,890 -.06 -.06 [-.13,.01] [-.15,.03] 
Birth order, Learning materials 3 933 -.11* -.14* [-.27,-.01] [-.31,.03] 
Birth order, Maternal educationa 6 3,257 -.12* -.12* [-.19,-.05] [-.22,-.02] 
Birth order, Maternal verbal test 
scores 
2 976 -.12* -.13* [-.17,-.10] [-.13,-.13] 
Birth order, Maternal sensitivity 2 874 -.06* -.07* [-.09,-.05] [-.07,-.07] 
Birth order, Physical environment 4 1,178 -.09 -.11 [-.25,.05] [-.34,.12] 
Birth order, Racea 4 4,282 .16* .16* [.14,.19] [.16,.16] 
Birthweight, Child cognitive test 
scores 
27 18,406 .15* .15* [.11,.19] [.02,.28] 
Birthweight, Family income 8 4,405 .08* .08* [.04,.12] [.04,.13] 
Birthweight, Learning materials 4 1,244 .06* .08* [.01,.16] [-.01,.17] 
Birthweight, Maternal educationa 13 36,447 .07* .07* [.06,.09] [.06,.09] 
Birthweight, Maternal verbal test 
scores 
7 9,006 .12* .13* [.10,.15] [.11,.15] 
Birthweight, Maternal sensitivity 7 1,911 .14* .16* [.07,.25] [.01,.32] 
Birthweight, Physical environment 2 837 .10* .13* [.12,.14] [.13,.13] 
Birthweight, Racea 12 1,545,562 -.18* -.18* [-.21,-.14] [-.25,-.10] 
Child cognitive test scores, Family 
income 
28 39,246 .33* .35* [.30,.39] [.19,.50] 
Child cognitive test scores, 
Learning materials 
37 34,539 .30* .38* [.34,.41] [.19,.56] 
Child cognitive test scores, 
Maternal education 
46 41,000 .37* .38* [.36,.41] [.27,.50] 
Child cognitive test scores, 
Maternal verbal test scores 
38 21,244 .45* .50* [.45,.55] [.26,.74] 
Child cognitive test scores, 
Maternal sensitivity 
25 6,415 .34* .40* [.34,.46] [.19,.61] 
Child cognitive test scores, 
Physical environment 
24 11,619 .19* .22* [.18,.27] [.06,.38] 





Table 1 (cont.) 
Correlation k N ! " 95% C.I. 80% C.V. 
Family income, Maternal 
educationa 
26 53,043 .45* .45* [.41,.48] [.33,.56] 
Family income, Maternal verbal 
test scores 
10 6,015 .40* .42* [.35,.50] [.26,.58] 
Family income, Maternal 
sensitivity 
13 2,811 .31* .34* [.23,.46] [.06,.62] 
Family income, Physical 
environment 
12 5,634 .22* .26* [.20,.32] [.12,.41] 
Family income, Racea 19 379,075 -.35* -.35* [-.38,-.32] [-.43,-.27] 
Learning materials, Maternal 
education 
12 21,883 .29* .35* [.29,.41] [.19,.52] 
Learning materials, Maternal 
verbal test scores 
6 2,544 .40* .52* [.38,.67] [.23,.81] 
Learning materials, Maternal 
sensitivity 
6 1,507 .39* .58* [.35,.80] [.06,1.0] 
Learning materials, Physical 
environment 
9 4,770 .20* .31* [.21,.41] [-.00,.62] 
Learning materials, Race 6 20,028 -.25* -.30* [-.38,-.23] [-.44,-.17] 
Maternal education, Maternal 
verbal test scores 
12 4,972 .54* .59* [.53,.64] [.47,.70] 
Maternal education, Maternal 
sensitivity 
25 3,277 .31* .34* [.24,.44] [-.00,.68] 
Maternal education, Physical 
environment 
11 5,437 .20* .23* [.16,.31] [.06,.40] 
Maternal education, Racea 17 162,180 -.19* -.19* [-.23,-.16] [-.28,-.11] 
Maternal verbal test scores, 
Maternal sensitivity 
4 1,036 .50* .62* [.34,.91] [.16,1.0] 
Maternal verbal test scores, 
Physical environment 
4 1,070 .29* .38* [.26,.51] [.18,.58] 
Maternal verbal test scores, Race 6 9,816 -.55* -.59* [-.62,-.56] [-.64,-.55] 
Maternal sensitivity, Physical 
environment 
4 1,007 .41* .58* [.35,.82] [.15,1.0] 
Maternal sensitivity, Race 6 2,401 -.31* -.34* [-.50,-.18] [-.61,-.06] 
Physical environment, Race 2 870 -.31* -.39* [-.40,-.39] [-.39,-.39] 







Publication Bias Rank-Order Correlations between Primary Study Effect Size and Primary Study 
















cognitive test scores -0.03 30 (24,072) 0.18 15 (23,252) 
Acceptance, Family 
income -0.04 18 (12,225) 0.35 11 (11,856) 
Acceptance, Maternal 
education -0.25 13 (11,724) 0.11 5 (11,326) 
Birth order, Child 
cognitive test scores -0.04 18 (654,208) 0.25 12 (653,869) 
Birthweight, Child 
cognitive test scores -0.36 27 (18,406) -0.46 20 (18,405) 
Birthweight, Maternal 
education -0.01 13 (36,447) -0.11 9 (36,185) 
Birthweight, Race 0.21 13 (1,545,862) 0.08 11 (1,545,796) 
Child cognitive test 
scores, Family income 0.19 28 (39,246) 0.17 21 (38,908) 
Child cognitive test 
scores, Learning 
materials 0.01 37 (34,539) 0.17 22 (33,723) 
Child cognitive test 
scores, Maternal 
education 0.22 46 (41,000) 0.35 31 (40,150) 
Child cognitive test 
scores, Maternal 
sensitivity 0.28 25 (6,415) 0.11 11 (5,628) 
Child cognitive test 
scores, Maternal verbal 
ability/knowledge 0.22 38 (21,244) 0.26 30 (20,751) 
Child cognitive test 
scores, Physical 
environment -0.19 24 (11,619) -0.21 11 (10,899) 
Family income, 
Learning materials -0.23 15 (21,766) -0.09 10 (21,538) 
Family income, 
Maternal education 0.29 27 (53,043) 0.51 19 (52,716) 
Family income, 





Table 2 (cont.) 
Family income, 
Maternal verbal 
ability/knowledge 0.13 10 (6,015) 0.40 9 (5,955) 
Family income, Physical 
environment -0.31 12 (5,634) -0.28 6 (5,321) 
Family income, Race -0.25 19 (379,075) -0.30 18 (379,015) 
Learning materials, 
Maternal education -0.09 12 (21,883) -0.48 10 (21,796) 
Maternal education, 
Maternal sensitivity 0.12 25 (3,277) 0.67 8 (2,379) 
Maternal education, 
Maternal verbal 
ability/knowledge 0.40 12 (4,972) 0.44 8 (4,727) 
Maternal education, 
Physical environment -0.61 11 (5,437) -0.38 7 (5,293) 
Maternal education, 








Correlation Comparisons from Cottrell et al. (2015) and Meta-Analysis 
Correlation 










Acceptance, Birth order -0.03 -0.04 [-0.03] -0.06 
Acceptance, Birthweight 0.07 0.07* [0.07*] 0.09* 
Acceptance, Child cognitive test 
scores†† 0.38* 0.17* [0.17]* 0.21* 
Acceptance, Family income†† 0.28* 0.13* [0.13*] 0.16* 
Acceptance, Learning 
materials†† 0.37* 0.16* [0.16*] 0.23* 
Acceptance, Maternal 
education†† 0.37* 0.17* [0.16*] 0.20* 
Acceptance, Maternal verbal 
ability/knowledge 0.36* 0.37* [0.36*] 0.56* 
Acceptance, Maternal sensitivity 0.49* 0.46* [0.53*] 0.64* 
Acceptance, Physical 
environment†† 0.35* 0.23* [0.23*] 0.37* 
Acceptance, Race -0.26* -0.23* [-0.23*] -0.28* 
Birth order, Birthweight 0.04 0.12* [0.12*] 0.12* 
Birth order, Child cognitive test 
scores†† -0.26* -0.10* [-0.10*] -0.11* 
Birth order, Family income†† -0.21* -0.06 [-0.06] -0.06 
Birth order, Learning materials -0.11* -0.11* [-0.11*] -0.14* 
Birth order, Maternal education -0.11* -0.12* [-0.13*] -0.12* 
Birth order, Maternal verbal 
ability/knowledge -0.11* -0.12* [-0.12*] -0.13* 
Birth order, Maternal sensitivity -0.06 -0.06* [-0.06*] -0.07* 
Birth order, Physical 
environment -0.12* -0.09 [-0.06] -0.11 
Birth order, Race 0.13* 0.16* [0.17*] 0.16* 
Birthweight, Child cognitive test 
scores 0.16* 0.15* [0.14*] 0.15* 
Birthweight, Family income 0.04 0.08* [0.09*] 0.08* 
Birthweight, Learning materials 0.07 0.06* [0.05*] 0.08* 
Birthweight, Maternal education 0.11* 0.07* [0.07*] 0.07* 
Birthweight, Maternal verbal 
ability/knowledge 0.16* 0.12* [0.12*] 0.13* 
Birthweight, Maternal sensitivity 0.18* 0.14* [0.14*] 0.16* 
Birthweight, Physical 
environment 0.10* 0.10* [0.10*] 0.13* 






Child cognitive test scores, 
Family income†† 0.46* 0.33* [0.33*] 0.35* 
Child cognitive test scores, 
Learning materials†† 0.47* 0.30* [0.30*] 0.38* 
Child cognitive test scores, 
Maternal education†† 0.52* 0.37* [0.37*] 0.38* 
Child cognitive test scores, 
Maternal verbal 
ability/knowledge†† 0.62* 0.45* [0.45*] 0.50* 
Child cognitive test scores, 
Maternal sensitivity†† 0.63* 0.34* [0.35*] 0.40* 
Child cognitive test scores, 
Physical environment†† 0.41* 0.19* [0.19*] 0.22* 
Child cognitive test scores, Race -0.43* -0.36* [-0.36*] -0.36* 
Family income, Learning 
materials 0.44* 0.36* [0.36*] 0.46* 
Family income, Maternal 
education 0.50* 0.45* [0.45*] 0.45* 
Family income, Maternal verbal 
ability/knowledge 0.46* 0.40* [0.40*] 0.42* 
Family income, Maternal 
sensitivity†† 0.51* 0.31* [0.32*] 0.34* 
Family income, Physical 
environment†† 0.35* 0.22* [0.22*] 0.26* 
Family income, Race -0.30* -0.35* [-0.35*] -0.35* 
Learning materials, Maternal 
education†† 0.50* 0.29* [0.29*] 0.35* 
Learning materials, Maternal 
verbal ability/knowledge 0.45* 0.40* [0.40*] 0.52* 
Learning materials, Maternal 
sensitivity†† 0.55* 0.39* [0.41*] 0.58* 
Learning materials, Physical†† 0.37* 0.20* [0.19*] 0.31* 
Learning materials, Race†† -0.35* -0.25* [-0.25*] -0.30* 
Maternal education, Maternal 
verbal ability/knowledge 0.63* 0.54* [0.54*] 0.59* 
Maternal education, Maternal 
sensitivity†† 0.61* 0.31* [0.32*] 0.34* 
Maternal education, Physical 
environment†† 0.35* 0.20* [0.19*] 0.23* 
Maternal education, Race -0.23* -0.19* [-0.19*] -0.19* 
Maternal verbal 
ability/knowledge, Maternal 
sensitivity†† 0.62* 0.50* [0.57*] 0.62* 







environment 0.31* 0.29* [0.29*] 0.38* 
Maternal verbal 
ability/knowledge, Race†† -0.43* -0.55* [-0.55*] -0.59* 
Maternal sensitivity, Physical 
environment 0.49* 0.41* [0.49*] 0.58* 
Maternal sensitivity, Race†† -0.51* -0.31* [-0.31*] -0.34* 
Physical environment, Race -0.31* -0.31* [-0.31*] -0.39* 
*p < .05;  
†† Difference between Cottrell et al. (2015) correlation and the uncorrected meta-analytic 
correlation is ≥ .10 
  






Cottrell et al. (2015) and Meta-Analysis Path Coefficients 
Path 




Race to Family income -0.30* -0.35* 
Race to Maternal education -0.23* -0.19* 
Race to Maternal verbal ability/knowledge -0.43* -0.59* 
Race to Maternal sensitivity -0.31* 0.10* 
Family income to Maternal sensitivity 0.14* 0.13* 
Maternal education to Maternal sensitivity 0.32* -0.10* 
Maternal verbal ability/knowledge to Maternal sensitivity 0.23* 0.69* 
Race to Acceptance -0.14* 0.12* 
Family income to Acceptance 0.05 -0.03 
Maternal education to Acceptance 0.22* -0.21* 
Maternal verbal ability/knowledge to Acceptance 0.14* 0.77* 
Race to Physical environment -0.20* -0.25* 
Family income to Physical environment 0.17* 0.08* 
Maternal education to Physical environment 0.19* 0.04 
Maternal verbal ability/knowledge to Physical 
environment 0.03 0.18* 
Race to Learning materials -0.18* 0.06* 
Family income to Learning materials 0.17* 0.31* 
Maternal education to Learning materials 0.29* -0.04 
Maternal verbal ability/knowledge to Learning materials 0.12* 0.45* 
Race to Birth order 0.08* 0.17* 
Family income to Birth order -0.20* 0.04 
Maternal education to Birth order 0.02 -0.12* 
Maternal verbal ability/knowledge to Birth order 0.00 0.02 
Race to Birthweight -0.16* -0.16* 
Family income to Birthweight -0.09* 0.01 
Maternal education to Birthweight 0.08 0.04 
Maternal verbal ability/knowledge to Birthweight 0.08 0.01 
Maternal Sensitivity to Child cognitive test scores 0.28* 0.20* 
Acceptance to Child cognitive test scores 0.04 -0.17* 
Physical environment to Child cognitive test scores 0.08* -0.03 
Learning materials to Child cognitive test scores 0.09* 0.07* 
Birth order to Child cognitive test scores -0.18* -0.05* 
Birthweight to Child cognitive test scores 0.04 0.08* 
Maternal verbal ability/knowledge to Child cognitive test 
scores 0.35* 0.43* 






Percent of Race Gap Explained by Each Covariate: Primary Study and Meta-Analysis 
 Cottrell, Newman, & Roisman (2015) Meta-Analysis 
 Each covariate 
alone 
Full model Full model Each covariate 
alone 
Full Model Full model 
 
Predictor variables 
Indirect Effect Size 





Size (% of Race 
Gap Explained) 
Indirect Effect 






Size (% of 
Race Gap 
Explained) 
Race (W = 0, B = 1)  -.07   -.13*  
Maternal sensitivity  -.267* (61.9%) .21*  -.108* (25.2%) -.104* (28.7%) .22* -.074* (20.4%) 
Acceptance  -.073* (17.2%) .04  -.011 (2.7%) -.033* (9.1%) -.13* .038* (-10.5%) 
Physical environment  -.089* (20.7%) .08*  -.023* (5.4%) -.037* (10.2%) -.08* .030* (-8.3%) 
Learning materials  -.126* (29.3%) .08*  -.029* (6.8%) -.089* (24.5%) .04 -.013 (3.6%) 
Birth order  -.026* (6.1%) -.17*  -.022* (5.1%) -.008* (2.2%) -.04* -.006* (1.7%) 
Birthweight  -.013 (3.1%) .03  -.006 (1.5%) -.016* (4.4%) .07* -.012* (3.3%) 
Maternal verbal 
ability/knowledge 
 -.238* (54.6%) .33*  -.142* (33.5%) -.261* (71.7%) .25* -.150* (41.3%) 
Family income  -.098* (22.8%) .01  -.002 (0.5%) -.088* (24.2%) .08* -.028* (7.7%) 
Maternal education  -.103* (23.8%) .06  -.014 (3.2%) -.063* (17.4%) .12* -.023* (6.3%) 
Total % of Race Gap 
Explained 
N/A N/A 83.9% N/A N/A 65.6% 
Note. Coefficients are standardized. *p < .05.  
The % of race gap explained is calculated by dividing each indirect effect by the total effect of race on cognitive test scores (b = -.42 
for Cottrell et al., 2015; b = -.363 for current meta-analysis). The “Total % of Race Gap Explained” is calculated by dividing the “total 







Meta-Analytic 3-Step Model Fit Statistics 
Note. df = degrees of freedom; CFI = comparative fit index; NNFI = non-normed fit index; RMSEA = root mean square error of 
approximation; CI = confidence interval.  
Model χ2(df) CFI NNFI RMSEA  (90% CI) 
SRMR 
Model A: 3-Step Model 806.50 (10) .93 .60 .171 (.161, .181) .054 
Model B: 3-Step Model with Verbal Socialization 468.41 (9) .96 .75 .137 (.126, .148) .032 
Model C: 3-Step Model with Verbal Socialization 
and Culturally-Specific Parenting 

























































































































































































































































































































































































































































































































































































List and Characteristics of Studies Included in Meta-Analysis 






Sample Scales used 
(where 
applicable) 
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Table 6 (cont.) 
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Table 6 (cont.) 
Telangana, India as 
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Table 6 (cont.) 
in New Orleans, 
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year ratings of 
recording 
episodes (free 
















































9-year olds from 
Oswego, NY born 




























































recruited for the 
Pregnancy and 
Health Study from 
1974-1975 and 



























Mothers and their 
two-year-old 
children in a 
moderately-sized 







































mothers recruited in 
the hospital for a 































































resident father and 
their partners from 




















































Mothers and infants 
recruited from a 
major birthing 




of home visits 



















insurance plan types 
in Milwaukee, 
Wisconsin 


















Men ages 35 to 57 
screened for the 
Multiple Risk Factor 
Intervention Trial 
















NLSY-79 subset Maternal 
cognitive test 
scores: AFQT 

























and their mothers in 




















































and their mothers 













































the Young Hearts 
Project 

















Infants and their 
maternal caregivers 
in an early 
intervention center 
for cocaine-exposed 






































hospitals around the 
United States in the 

































Children from a 
rural Midwestern 
background enrolled 

























Table 6 (cont.) 
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*Birth order, Birthweight, Family income, Maternal education, and Race are single indicator variables and are not corrected for 
unreliability. Scale information on those variables is not provided. Where unreliability is not available for a given study, the 
meta-analytic mean reliability for that correlation is used. 
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